Background-Supraventricular tachyarrhythmias are the main cause for inappropriate therapy by implantable cardioverterdefibrillators (ICDs). For better rhythm discrimination, an atrial electrogram is helpful and usually obtained from an additional atrial lead, even in the absence of sinus node or atrioventricular nodal disease. An Aϩ-ICD system with integrated atrial sensing rings mounted 15 to 18 cm from the tip of an ICD lead may obviate the need to implant a separate atrial lead. The aim of the study was to compare the novel Aϩ-ICD and a conventional dual-chamber (DR)-ICD. Methods and Results-Two hundred forty-nine patients with standard ICD indications but no requirement for antibradycardia pacing were randomized to receive an Aϩ-ICD (nϭ124) or a DR-ICD (nϭ125). Implantation details, need for ICD system revision, long-term sensing, documented arrhythmia episodes, and the respective rhythm discrimination during follow-up were analyzed. The implantation time was significantly shorter in the Aϩ-ICD group (67Ϯ30 vs 79Ϯ30 minutes, Pϭ0.003). Mean P-wave amplitudes were 3.5Ϯ0.8 mV (Aϩ-ICD) and 3.2Ϯ0.6 mV (DR-ICD) and remained stable during the follow-up period of 12 months. Surgical revision was necessary in 13 patients in the DR-ICD and 10 in the Aϩ-ICD group. All 593 ventricular tachyarrhythmia episodes were correctly discriminated. Sensitivity and specificity of supraventricular tachyarrhythmia discrimination were not different between the study groups. Conclusions-The novel Aϩ-ICD system can be implanted faster and is equivalent to a standard DR-ICD with regard to the detection of ventricular tachyarrhythmias and supraventricular tachyarrhythmias. It represents a useful alternative to obtain atrial sensing. Clinical Trial Registration-URL: http://www.clinicaltrials.gov. Unique identifier: NCT00324662.
T herapy with implantable cardioverter-defibrillators (ICDs) is established for secondary and primary prevention of sudden cardiac death. [1] [2] [3] [4] [5] Most patients receive their ICD for primary prevention, but only a minority require antibradycardia pacing. In patients who do not need cardiac resynchronization therapy in combination with ICD treatment, pacing has untoward effects. 6 This notwithstanding, many patients without pacing requirements receive an atrial lead to obtain an atrial electrogram (AEGM) for improved atrial rhythm monitoring and for better discrimination of supraventricular tachyarrhythmias (SVTs) and ventricular fibrillation (VF) or ventricular tachycardia (VT). Addition of an atrial lead, however, may increase the risk of complications and may prolong implantation and fluoroscopy times.
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The need to implant a separate atrial lead may be obviated by a novel Aϩ single-coil defibrillation lead with 2 integrated rings mounted 15 to 18 cm from the lead tip. The rings function as a sensing dipole that floats within the right atrium. In conjunction with a dedicated atrial-input stage that filters and amplifies the atrial signal up to 4-fold, the Aϩ-ICD system has been proven safe and operational. [7] [8] [9] [10] This prospective study aimed to compare the Aϩ-ICD with the conventional dual-chamber ICD (DR-ICD) concept in a large patient cohort at implantation and during 12 months of follow-up.
Methods
The Belos Aϩ versus DR Clinical Investigation of Arrhythmia Discrimination (ADRIA) study enrolled 265 patients in 10 centers in Germany and Switzerland (see Appendix). The study protocol was approved by the institutional review boards. The aim of the study was to evaluate potential advantages and disadvantages of an Aϩ-ICD system in comparison with a conventional DR-ICD. The primary objective of this study was to determine whether there is a difference in the specificity of SVT detection between the 2 systems. Secondary objectives were the comparison of the sensitivities of the detection enhancement algorithm, complication rates, implantation and fluoroscopy times, and lead performance over time.
The study was sponsored by the manufacturer of the devices (Biotronik SE, Berlin, Germany). Before publication the data were reviewed, but the content of the manuscript was not influenced by Biotronik.
Patient Selection
Patients with a standard ICD indication were enrolled in the study. 3 Exclusion criteria were the need for antibradycardia pacing, permanent atrial fibrillation, life expectancy Ͻ6 months, pregnancy, and age Ͻ18 years. All patients provided written, informed consent.
Device Specifications
After enrollment, patients were randomized to receive either a standard DR-ICD (Belos DR, Lexos DR, or Lumos DR-T) that required implantation of 2 electrodes or an Aϩ-ICD (Belos Aϩ or Lexos Aϩ) with a single Aϩ lead (Kainox Aϩ or Kentrox Aϩ). All ICDs and Aϩ leads were manufactured by Biotronik SE, Berlin, Germany. Other leads could be selected at the discretion of the operator.
The Aϩ lead combines a single ventricular-shock coil, bipolar sensing and pacing in the right ventricle, and true bipolar sensing in the right atrium with the aid of 2 rings spaced 15 mm apart ( Figure  1 ). The position exactly in the middle between the rings is located 15 or 17 cm from the lead tip. All Aϩ leads had a passive ventricular fixation mechanism and silicon lead insulation. The older Kainox Aϩ lead had a significantly larger surface area of the ventricular tip electrode (6.0 mm 2 ) than the successor Kentrox Aϩ lead (1.8 mm 2 ). The Aϩ-ICD systems differ from the DR-ICD systems in 3 aspects: they have no atrial pacing capability, they use a preamplifier for the atrial sensing channel, and they contain only 1 right ventricular-shock coil. The devices were equal with respect to programmability, diagnostic memory characteristics, and the employed tachycardia discrimination algorithm (SMART). The latter classifies all ventricular events as SVTs or VTS, depending on the RR and PP interval, and their respective regularity and multiplicity, as described in the literature. 11 When programmable SVT or VT detection criteria are met, the episode is stored, including 1 minute of a dual-chamber intracardiac EGM preceding detection. In case of an SVT without coexistent VT or VF, antitachycardia therapy is withheld.
Implantation
Implantations were performed according to institutional standards. The total implantation time, the time between the beginning of lead insertion and lead(s) connection to the ICD (lead implantation time), and the total fluoroscopy time were recorded for each patient. The investigators also measured the ventricular pacing threshold at a 0.5-ms pulse duration, ventricular pacing impedance, and P-and R-wave amplitudes.
Device Programming
The study protocol recommended the use of a lower cutoff rate of 120 or 130 bpm for a VT-1 monitoring zone without therapy. The detection of as many SVT episodes as possible was thus facilitated to compare the efficacy of the SMART detection enhancement algorithm between the 2 groups.
The investigators were free to select the cutoff rates for ICD therapy zones. The tachycardia discrimination algorithm was activated in all VT zones. The VT zone was programmed at 50 bpm above the monitor zone, with a detection duration of 14, onset of 20%, stability of 12%, and SMART detection and redetection on. The detection for the VF zone was programmed to 8 of 12, whereas the rate cutoff could be programmed individually. The postventricular atrial blanking was 16 ms before to 64 ms after a ventricular event. To avoid ventricular pacing, pacing was programmed to a VVI of 40 bpm.
Follow-Up
During follow-up visits at 1, 3, 6, and 12 months after device implantation, ICD interrogation was performed, all documented episodes of SVT or VT/VF were collected, and the need for ICD system revisions was documented, if applicable.
Analysis of Arrhythmia Episodes
All spontaneous tachyarrhythmia episodes stored by the device were classified by authorized participants of each study center as VF, VT, or SVT. Predefined subtypes of SVT were atrial flutter, atrial fibrillation, sinus tachycardia, and other SVT (Figure 2A and 2B). Episodes of VT or VF with concurrent SVT were classified as VT/VF. Episodes other than VT/VF or SVT were excluded from analysis. From all episodes, AEGMs and ventricular intracardiac EGMs were documented.
Blinded to the classification of the on-site investigator, members of the steering committee (C.S., M.Z., M.N.) of the ADRIA study reviewed a sample of 370 randomly chosen episodes from 85 patients. The concordance of the classification for VT/VF or SVT between the investigators and the committee was 96.5%. The committee thereafter recommended that the on-site rhythm classifications should be generally accepted but reserved the right to overrule on-site decisions if errors were noticed during analysis of the documentation for the episodes.
Specificity and sensitivity of the SMART discrimination algorithm were calculated in all episodes documented in the VT zone. The specificity of the discrimination algorithm was defined as the proportion of correctly classified SVT episodes: true-negative/ (true-negativeϩfalse-positive). The sensitivity was defined as the proportion of correctly classified VT/VF episodes: true-positive/(true-positiveϩfalse-negative).
To account for the bias in deriving specificity and sensitivity from multiple episodes of the same type in individual patients, the results were corrected by the generalized equation estimation (GEE). 12, 13 In brief, the GEE method adjusts the effective number of episodes of every individual patient, depending on the correlation of the patient's episodes, which are not necessarily independent. The GEE method is applied before the individual specificity figures are pooled and is generally accepted to provide the best estimate of the true specificity and sensitivity. Per-protocol analysis was performed. Crossover was not allowed. Patients who received a device that was not compatible with their randomization scheme during follow-up were considered dropouts. Arrhythmia episodes and adverse events that had occurred before dropout were taken into account.
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The necessary sample size to compare the specificities of the study groups was determined to reject the null hypothesis of inferiority of the Aϩ specificity with a ⌬ Ն7%. It was assumed that the specificity in both study groups was 93% (unpublished data from nonrandomized studies available during study planning). With an ␣ϭ0.05 and a power of 0.8, we calculated that we would need 181 uncorrelated SVT episodes per group, including a 10% dropout rate. We assumed an interclass correlation of 0.5 between episodes in individual patients and expected 3 episodes per patient. We calculated that it would be possible to disprove the null hypothesis with 120 patients per group.
Results

Patient Population
Of the 265 enrolled patients, 16 (6%) were excluded for violation of randomization or withdrawal of informed consent before implantation. Of the remaining 249 patients, 124 were randomized to the Aϩ-ICD and 125 to the DR-ICD study arm. There were no significant differences in baseline characteristics between the 2 groups, except for the presence of previous myocardial infarction (47% in DR-ICD vs 33% in Aϩ-ICD) and the use of statins (65% in DR-ICD vs 43% in Aϩ-ICD; Table 1 ). Seventy-three percent of the patients had ischemic heart disease and 39%, a history of VF or VT. The pattern of medication use was typical for a contemporary ICD population, with a high percentage of ␤-blocker, angiotensinconverting enzyme inhibitor, and diuretic use.
Implantation
The ICD leads implanted in the Aϩ-ICD group were Biotronik Kainox Aϩ (nϭ58) and Biotronik Kentrox Aϩ (nϭ66). In the DR-ICD group, the ventricular ICD leads were Biotronik Kainox (nϭ6), Biotronik Kentrox (nϭ69), Biotronik Linox (nϭ38), and other ICD leads (nϭ12), and the atrial leads implanted were the Biotronik Setrox (nϭ45), Biotronik Selox (nϭ44), Biotronik Elox (nϭ3), Medtronic Capsure 5076 (nϭ28), or other leads (nϭ5). The mean total implantation time was significantly shorter in the Aϩ-ICD Table 2 ).
After preamplification of the atrial signal in the Aϩ-ICD devices, the mean P-wave amplitude (3.5 mV, equivalent to Ϸ1.1 mV without preamplification) was similar to that in the DR-ICD group (3.2 mV) and remained stable in both groups over time. The mean R waves also did not differ between the 2 groups (11Ϯ2 mV). Compared with the DR-ICD group, ventricular pacing thresholds were higher in the Aϩ-ICD group (1.2Ϯ1.0 V/0.5 ms vs 0.8Ϯ0.6 V/0.5 ms), and pacing impedances were lower (Table 2) . However, for the newergeneration Kentrox Aϩ leads, which were implanted in more than half of the patients in each study arm, there were no differences in pacing thresholds and pacing impedances between the Aϩ-ICD (955 ⍀, 0.7 V/0.5 ms) and the DR-ICD (912 ⍀, 0.8 V/0.5 ms) groups.
Follow-Up and Adverse Events
The mean follow-up was 370Ϯ104 days, with a cumulative follow-up of 251 years. Thirteen patients (5%) died. None of these deaths were device related. Fifteen patients (6%) were lost to follow-up. Arrhythmia episodes and adverse events that had occurred before dropout were included in the analysis. There were 23 system-related adverse events requiring reintervention (Table 3) . These included high defibrillation thresholds with the initial lead during implantation or predischarge testing (Aϩ-ICD group nϭ2, DR-ICD group nϭ1), atrial lead dislocation (DR-ICD group nϭ5), or repositioning of the ventricular lead because of dislocation or high pacing thresholds (Aϩ-ICD group nϭ7, DR-ICD group nϭ5). Of the 3 patients with high defibrillation thresholds, 1 patient in the DR-ICD arm received a high-energy device, and an additional superior vena cava (SVC) coil was implanted in a patient in the Aϩ group. Another patient in the Aϩ group received a dual-coil lead along with a singlechamber VVI-ICD and was hence counted as a dropout.
Documented Episodes
A total of 3498 spontaneous episodes of arrhythmia were recorded. Sixty-four supraventricular episodes were excluded because the tachycardia discrimination algorithm had been switched off by the investigators because of small atrial signals or permanent atrial arrhythmias (Aϩ-ICD group nϭ7, DR-ICD group nϭ2; PϭNS). Another 224 episodes (154 episodes in 20 patients in the DR-ICD group and 70 episodes in 14 patients in the Aϩ-ICD group, PϭNS) were excluded because the investigators classified them as "other rhythm" or "unclear" (mostly owing to intermittent T-wave oversensing or premature ventricular contractions).
Of the remaining 3210 episodes, 1894 occurred in the Aϩ-ICD group and 1316 in the DR-ICD group. This difference was not statistically significant after correction by the GEE method (Pϭ0.09). In total, 18.5% of episodes were VT or VF and 81.5% were SVT. The distribution of ventricular and supraventricular arrhythmias was comparable in both groups, except for a slightly higher number of VT episodes in the Aϩ-ICD group. During data analysis, 21 (0.7%) episode classifications made by the investigators were overruled by the steering committee. Table 4 compares rhythm classification for the 2 randomized groups. 
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The proportion of the different arrhythmias at different rates is illustrated in Figure 3 . The large number of sinus tachycardia episodes (61%) was due to the intentionally low cutoff rate for the VT-1 zone. The programmed lower cutoff rate for VT-1 was Յ130 bpm (as recommended in the study protocol) in 58.4% of all episodes, between 131 and 140 bpm in 29.2% of episodes, and Ն140 bpm in 12.3%.
Sensitivity and Specificity
All 593 spontaneous episodes classified by the investigators as VF or VT were correctly discriminated, resulting in a sensitivity of 100% for both groups before and after GEE correction. Of the 2617 SVT episodes, 2564 were detected within the VT rate range and were therefore evaluated by the tachycardia discrimination algorithm and included in our specificity calculations in Table 5 . The GEE-corrected specificity did not differ between the Aϩ-ICD group (61.8%) and the DR-ICD group (66.2%, Pϭ0.22); however, the null hypothesis of inferiority of the Aϩ specificity cannot be rejected (Pϭ0.39). The overwhelming majority of SVT episodes were sinus tachycardia. We therefore analyzed a sample of 492 false-positive sinus tachycardia episodes. False-positive detection typically resulted from early premature ventricular contractions, activating the onset criterion or intermittent atrial sensing disturbances. Both over-and undersensing in the atrium rendered the algorithm to assume different averaged rates in the atrium versus ventricle, precluding proper detection of sinus tachycardia. Whereas the prevalence of premature ventricular contractions was similar in both study arms, over-and under-sensing of atrial signals was more often found in the Aϩ-ICD group. Episodes of over-or under-sensing were found in 23 of 63 (36%) Aϩ-ICD patients with sinus tachycardia, compared with 5 of 47 (11%) DR-ICD patients with sinus tachycardia (Pϭ0.002) This was due to the higher prevalence of small atrial signals before amplification in the Aϩ-ICD group, which can cause P-wave undersensing or far-field R-wave oversensing and may explain the slight difference between the specificities of the study groups. Typical examples of complete undersensing of the atrial signal ( Figure 4A ) and intermittent R-wave oversensing ( Figure 4B ) in the monitor zone did not result in untoward clinical consequences for the patient.
Despite misclassification of the SVT episodes, only a very few patients received shock therapy, either because the vast majority of episodes was in the monitor zone or the SVT terminated before shock delivery. In only 46 of 1126 falsepositive episodes in the VT or VF zone (4.1% not GEE corrected) were shocks were delivered. Thirty-four episodes occurred in 7 patients of the Aϩ-ICD group, and 12 episodes occurred in 7 patients of the DR-ICD group.
Discussion
This is the first study to compare a novel, single-lead ICD system with atrial sensing capabilities to a conventional dual-chamber ICD. The main finding is that in patients with standard ICD indications and no need for antibradycardia pacing, the Aϩ-ICD system is faster to implant and noninferior with regard to VT and SVT detection and therapy when compared with a DR-ICD system. It provides an attractive alternative to an additional atrial lead if one wishes to obtain an AEGM in ICD patients.
Need for Atrial Sensing
In the contemporary ICD population, the majority of patients do not require antibradycardia pacing. The DAVID trial demonstrated that right ventricular pacing even increases mortality and hospitalization rate in an ICD population and should therefore be avoided. 6 In the cardiac resynchronization therapy population, even right atrial pacing may have untoward effects. 14 Although pacing should be avoided whenever possible, sensing information from the atrium is desirable for numerous reasons. First, the integration of atrial sensing information can be crucial in differentiating supraventricular from ventricular arrhythmias. Inappropriate shocks not only impair quality of life but also are associated with increased mortality and should thus be avoided by all means. 15 Currently, all manufacturers feature detection enhancement algorithms that achieve high sensitivities and specificities and often integrate a comparison of ventricular and atrial signals. 11, 16, 17 The SMART detection algorithm used in this study has been described elsewhere and has been shown to have a sensitivity of 100%, along with a specificity of 89%. 11 In our study, the sensitivity was 100%; that is, all ventricular tachyarrhythmias were detected as such, whereas the overall specificity was only 64%. The specificity of a detection enhancement algorithm depends on numerous parameters, such as the population studied, the prevalence of SVTs, and device programming. Hence, it is difficult to compare these algorithms if they are not studied under the same conditions. The relatively low specificity in the present study may be explained by the fact that the rate cutoff was unusually low, at 130 bpm, to obtain as many episodes as possible. With faster heart rates, the impact of premature ventricular contractions on triggering the onset criterion should decrease. In fact, analysis of a nonprespecified small sample of 321 episodes recorded in 21 patients in whom the cutoff had been set to Ն140 bpm resulted in a GEE-corrected specificity of 86%, a specificity reported earlier. 11 It is therefore likely that the lower specificity stems from an unusually low study cutoff and not from a performance problem of the SMART algorithm.
Another important reason for the acquisition of atrial information is the possibility to diagnose atrial fibrillation and to initiate anticoagulant and possibly antiarrhythmic therapy. A recent study using remote monitoring found that 13% of a contemporary pacemaker, ICD, and cardiac resynchronization therapy population had previously unknown atrial fibrillation. 18 Thus, the availability of an AEGM in combination with remote monitoring may offer accelerated treatment options for these patients, for instance, the potential to reduce strokes. 19 
Implantation and Complications
Not surprisingly, the use of a single-lead ICD resulted in shorter total implantation times owing to shorter lead implantation time. The use of the single-coil ICD Aϩ defibrillation lead did not result in a significantly higher failure to defibrillate rate when compared with the dual-coil leads. Although dual-coil defibrillator leads offer more flexibility in the choice of the shock pathway in the rare case of high defibrillation thresholds, randomized trials showed either no difference 20 or only a small difference (10.2 vs 9.8 J) 21 in the defibrillation threshold between single-and dual-coil ICDs. 
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Atrial lead dislodgement occurred in 4% of the patients in the DR-ICD group, which is slightly lower than in previously reported large series. 20 Naturally, this complication cannot occur in the Aϩ-ICD group. In the Aϩ-ICD group, the ventricular pacing threshold was slightly higher than in the DR-ICD group, which was entirely due to the initial higher usage of the older-generation Kainox Aϩ leads. For safety purposes, this first pentapolar lead had a relatively large surface area (6.0 mm 2 ) to minimize the risk of perforation. Based on clinical experience, its successor, the Kentrox Aϩ lead, had a much smaller surface area (1.8 mm 2 ). After exclusion of the Kainox Aϩ leads, the ventricular pacing thresholds did not differ between the 2 groups. The 12-month mortality rate of 5.2% is consistent with those in other ICD studies. 1
Difference to VDD Pacemaker Sensing Algorithms
The concept of single-lead VDD pacing systems with a floating bipole in the atrium has long been available but comprises only 7% of the European pacing market. 21 One reason for the reluctance to use VDD pacing is concern for the development of sinus node disease, with a subsequent need for pacing. Schaer and colleagues 22 demonstrated in a large cohort of 320 patients with atrioventricular nodal disease that only 1% required an upgrade to a DDD pacemaker during follow-up. Intermittent atrial undersensing during deep breathing, change of body position, or exercise is a well-known phenomenon that occurs in both VDD and DDD pacemaker systems. 21 The incidence of atrial undersensing in VDD systems is between 5% and 7% but is clinically silent in the vast majority of patients. [23] [24] [25] During follow-up, the amplified atrial sensing signal remained stable and showed no tendency for deterioration in the Aϩ-ICD group. The processing of the atrial signal differs between VDD pacemakers and the studied ICD, because the latter comprises a special input stage that amplifies the atrial signal up to 4-fold.
Limitations
This study focused on atrial sensing and its contribution to rhythm discrimination in an ICD. Its impact on atrioventricular sequential pacing was not evaluated in this study. Second, our study was not designed to investigate the influence of sensing disturbances on discrimination or to provide a mechanistic explanation of SVT discrimination failure. Third, the performance of the Aϩ single-coil ICD lead may be different in the case of a right-sided implant. Because all of our implantations were performed from the left side, our study does not provide any data for that setting. However, data from VDD pacemaker studies have actually shown even better atrial sensing behavior in right-sided implants. 26 Fourth, with the devices used in this study, atrial tachyarrhythmias were recorded only if their ventricular rate was above the VT cutoff rate. Because atrial tachyarrhythmias with a slow ventricular rate have been missed, the information obtained from the devices studied has not been validated for the further therapeutic management of patients with suspected atrial tachyarrhythmias. Finally, it cannot be completely ruled out that the observed higher incidence of atrial over-or under-sensing in the Aϩ-ICD group can be clinically significant in patients with slow VTS and concomitant sinus tachycardia.
Conclusion
The use of an Aϩ single-coil ICD lead in defibrillator patients without a requirement for pacing is a clinically elegant means to obtain AEGMs from only 1 lead. Compared with ICD patients with an additional atrial lead, this results in shorter implantation times without sacrificing the accuracy of arrhythmia detection.
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